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(71) Ij TsuTOMU Kudo, a Citizen of 
Japan, of No. 43—310 Yurigaoka-danchi, 
2 — 5 Yurigaoka Kawasaki-city, Kanagawa 
Prefecture, Japan, do hereby declare the mven- 

5 tioDj for ^ich I pray that a patent may be 
granted to me, and the method by whidi it is 
to be performed, to be particularly described 
in and by the foUowing statement: — 
The present invention relates to a method 

10 of removing radioactive contaminents. 

More particularly, the present invention 
relates to a method of removing radioactive 
contaminants from materials, especially dairy 
products, food stufFs, drinking water, or frmn 

15 water used in the food industry. 

The use of radioactive materials is a fact of 
modem life, and there is constant danger diat 
radioactive substances will contaminate food- 
stuffs, drinking water and water used in pro- 

20 cessing foodstuffs and then, in turn, be incor- 
porated in the human body. Namely, as the 
result of nuclear bomb tests» radioactive fission 
products have been detected in drinking water, 
water used in processing foods, dairy products, 

25 and in other foodstuffs, and it is desirable to 
remove these radioaatve contaminants. 

The radioactive substance considered most 
dangerous for human beings is strontium-90 
which has a half-life of 27 years and an effec- 

30 tive half-life of 18 years. Strontium is similar 
to calcium in diemical behavior and, like cal- 
cium, is deposited in and accumulates in bone 
tissue. Other radioactive substances produced 
from a nuclear fission include strontium-89, 

35 iodine-131, cesium-137. etc. Strontium-89 
and iodine-131 have short half-life periods, i.e. 
51 days and 8 days, respectively, and, liere- 
fore, are not considered to be highly danger- 
ous for the human body unless taken in large 

40 quantity. The half-life of cesium-137 is 30 
years, but its effective half-life is short, i.e. 
138 days, and, therefore, cesium-137 is not 
dangerous in comparison with strontium-90 
since cesium-137 is dispersed throughout the 



body and is readily excreted even if it is taken 45 
into the body. At present^ the influence of 
trace amounts of radioactive substance on the 
human body has not yet fully been clariiied. 
However, it is considdred desirable to prevent 
them from entering the human body. 50 

Since the nuclear experiments at Bikini 
Atoll, various methods of removing radio- 
aaive substances from drinking water, water 
used in processing foodstuffs, and liquid focul- 
stufis, in particidar cow's milk, have been 55 
examined intensively, and developed. The 
decontaminating metiiods which have been 
developed up to now include an ion exchange 
method, electrodialysis, and an adsorption 
centrifugation method. These methods are all 60 
applicable to removing radioactive contamin- 
ants from liquid foodstuffs, drinking water 
and water used in processing foods. However, 
when used on an industrial scale, all these 
methods have various defects. Cow's milk, 65 
for example, is so complex in composition that 
it is very difficult to remove radioactive com- 
ponents from cow's milk in a commercial 
operation. When these well known methods 
are used to remove radioactive contaminants 70 
from cow's milk, various disadvantages result, 
as noted below. 

The main disadvantage of the ion exchange 
method is that the ion exchange resin loses 
its exchanging ability. After a given quantity 75 
of cow's milk has passed through, the resin 
must be chemically regenerated for reuse, and, 
therefore, it is impossible to carry out a 
continuous decontamination operation. 
Further, the regeneration of exchanger resin go 
requires a great deal of time, expense and 
labor, and, in order to perform decontamina- 
tion effectively, it is necessary to reduce the 
pH of the cow's milk with citric acid to 
approximately 5.3 before passing throu^ the 85 
resin and thereafter to return the pH to the 
normal acidity of cow^s milk with potassium 
hydroxide or the like. The other disadvant- 
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ages of this method are that the new additional 
equipments are needed to be supplemented to 
the conventional milk processing equipment 
and, also, the adsorption capacity per unit 

5 time is too small for commercial purposes. 
Electrodialysis has advantages over the ion 
exchange resin adfeorpiion in that it does not 
require regeneration and continuous operation 
is possible. However, with electrodialysis, 

10 too, if decontamination is to proceed at a 
satisfactory rate, it is necessary to adjust the 
pH of the cow's milk with citric acid to from 
5.2 to 5.4 and, after dialysis, to readjust the 
pH to normal value of cow*s milk. Further, 

15 proteins are readily precipitated and lost. 
Another disadvantage is that permeability of 
a cation exchange membrane is not good with 
respect to divalent ions and, therefore, to 
achieve a satisfactory operating capacity with 

20 respect to unit time, large equipment is needed 
to . carry out electrodialysis on a commercial 
scale. 

The adsorption centrifugation method takes 
advantage of the fact that a radioactive sub- 

25 sunce is adsorbed in an added adsorbent. In 
this method a calcium salt, such as calcium 
phosphate, calcium carbonate, calciimi lactate, 
and the like, or a magnesium salt is added to 
cow's milk and, after stirring, the resulting 

30 precipitate is separated by means of centri- 
fugation. However, L. F. Edmondson 
fjoumal of Dairy Science, 48, 1597, (1965) 
listed the main defects of this method as 
follows: 

35 1. The loss of important components in 
treated cow's milk treated with the above 
mentioned calcium salts is serious, amounting 
to 20 to 30% of the nitrogen, 15 to 73% 
of the calcium and 46 to 48% of the phos- 

40 phorus, 

2. The milk is made unpalatable due to 
. the unpleasant taste imparted 

3. A large quantity of the calcium salt is 
required. 

45 As pointed out above, although the rate of 
decontamination by the conventional decon- 
taminating methods may be satisfactory, each 
method has defects making it unsuitable for 
practical use. 

50 The present invention provides a method of 



removing radioactive contaminants from a 
material, especially a foodstuff or water, com- 
prising contacting said material with a 
phytin compouiKl as adsorbent, said contacting 
taking place in a solution or suspension 55 
machine, agitating the mixture so formed and 
separating said phytin compound from said 
material. 

The method has many advantages for 
example : 60 

1. The method can be carried out without 
need of any additional equipment in an 
ordinary milk plant. 

2. The method does not require any 
adjusting of the pH before and after treat- 65 
mem. 

3. The method is simple in operation. 

4. The composition and taste of cow's 
milk are not changed by the treatment. 

5. The method is not expensive. 70 

6. The method is not limited to use with 
cow's milk but can be applied to liquid food 
stuffs, drinks, and water used in processing 
foodstuffs. 

7. The adsorbent to be employed occurs 75 
in nature, is readily available and its solu- 
bility is very low in water. 

8. The method can be employed for 
domestic use. 

9. The method is very efficient; that is, 80 
it treats a relatively large quantity per unit 
time and it leaves little or no contamination. 

10. The adsorbent to be employed is non- 
toxic. 

It has been found that phytin compounds 85 
extraaed from rice bran can be used success- 
fully in the method of the invention without 
any defects inherent in the conventional 
methods. 

Phytin compounds suitable for use include 90 
Na-phytin [CsH«O^P.CaMg,Na2 . 5H2O, 
molecular weight 921.33, purity 95.5], Ca- 
phytin [RH6024P4Ca,f . 5H2O, molecular 
weight 978.43, purity 93.1], Ca4Na2-phytin 
tQH802,P«Ca,Na2.5H20], and CajNa^- 95 
phytin [QHiyO.iPoCa^Na, . 5H2O], etc. The 
present inventor tested the effectiveness of 
these compounds in removing strontium 90 
from cow's milk. The results are shown in 
Table L 100 
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Table 1 

Removal of strontium 90 from cow's milk using various phytin compounds 



Stirring 
timc^ min. 


Na- 
phytm 


Ca- 
phytin 


Ca^Nag- 
phytin 


CagNaa- 
phytin 


5 


77.1% 


57.0% 


65.0% 


65.9% 


10 


79.8 


65.1 


67.1 


68.6 


20 


81.4 


66.3 


67.6 


70.9 


30 


83.5 


69.6 


70.2 


72,0 


60 


88.0 


70.1 


72.3 


75,2 



Remarks: The pH of the cow's milk tested was 6.7 which was not adjusted. 80g of phytin 
compound was added to 1 1 of cow's milk, after heating the mixture to 60**C, ^ed, 
cooled, and centrifuged. ^ 

Table 1 5hows that phytin compounds are The structure of the Na-phytin employed 5 
effective in removal of strontium 90, Na- in the present invention is as follows: 
phytin being espeaally effecuve. 



I 



o 



9 o 




Structural Formula of Na-Phytin 
The solubility of Na-phytin at each pH is 
fhown in Table 2. 



Table 2 



The amount of dissolved Na-phytin (mg/lOOml buffer solution) 



\ 



pH 



\ 



Temperature 



\ 



1 
20 
40 
60 
80 
97 



pH5 



407.02 
415.97 
278.43 
203.51 
145.37 
114.06 



pH7 



57.03 
51.44 
48.64 
38.02 
33.55 
28.29 



pH9 



20.12 
20.12 
21.25 
23.37 
29.07 
33.10 



NOTE: pH 5 (O.l mole CHjCOONa-CHsCOOH buffer) 
pH 7 (0.1 mole CHaCOONa buffer) 
pH 9 (0.1 mole NH^Cl— NH4OH buffer) 
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On the other hand, the use of phytic acid in 
sequestering metals is well known, and phytic 
acid is used for removing metals such as cal- 
cium, iron, copper, etc. from brandy, wine, 
whisky, fruit wine, vinegar, sake, etc. How-r 
ever, phytic acid has not been heretofore used 
to remove radioactive contaminants from 
drinking water, water used in processing food- 
stuffs, or with foodstuffs other than the above 
mentioned. In particular, phjrtic acid has 
never been used for the purpose of removing 



radioactive materials from cow's milk. To 
maintain the quality of foodstuffs, particularly 
cow*8 milk, it is not desirable to adjust the 
pH and ash contem in the course of treating 
the product. The present inventor has con- 
firmed that the pH, ash content, and nitrogen 
content of cow's milk is not seriously changed 
by Na-phytm treatment. Especially the treat- 
ment docs not impart any undesirable taste, 
(Refer Tables 3, 4, 5 and 6). 



Table 3 

Changes in cow's milk composition by the treatment of removing 
radioactive substances (Loss of the components and change of pH 

before and after treatment) 



15 



20 







Nitrogen 


Caldtun 


pH 




The method of the present 


60X 


4.0% 


0.3% 


6.7 ^ 


7.0 


invention 






0.3% 






5"'C 


0.3% 


6.7 


6.9 


The conventional method 


70 


23% 


46% 


82. 


5.4 -> 8.2 



NOTE: In the present invention 80g of Na-phytin was added to 1 1 of cow's milk and was stirred at 
5°C and 60 "C for 10 minutes. 
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good 


93.3 


good 


93.6 


good 
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o 




99.4 


good 
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good 
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good 
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I— 1 
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88.2 


good 


89.7 


good 


92.0 
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in 
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goodj 
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Taste 


o 


Taste 



Table 5 

Removing ratio of Strontium 90 ftom apple juice (%) 



\\\ 

\ \(°C) 
Taste \Quaiitity 
and \(g/l) 
stxmng \ 
time (minute)\ 


3.4 


25 


V 


n 


20 


40 





40 


5 


72.1 


87.1 


76.1 


89.5 


Taste 


good 


good 


good 


good 


10 


76.8 


89.5 


81.8 


92.9 


Taste 


good 


good 


good 


good 


20 

■ 


97.7 


91.1 


85.3 


94.1 


Taste 


good 


good 


good 


good 


30 


81.1 


7 


86.1 


94.6 


Taste 


good 




good 


good 
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The above-described result indicates that 
the following factors and conditions are pre- 
ferable in attaining the object of the present 
invention: 

5 1. A phytin cwnpound is effective as an 
adsorbent, and, panicularly, Na-phytin gives 
. good results. 

2. After addition of the adsorbent, it is 
preferable to stir more than 10 minutes, and, 

10 particularly, 20 to 60 minutes. 

3. It is preferable to maintain the tem- 
perature of the liquid at 5 to 60°Q and, 
panicularly, at 40 to 60*^0. 

4. The preferred amount of adsoitient per 
15 1 of the liquid is 10 to 80g, and, particularly, 

50 — 80g is effective. 

5. The pH of the liquid to be added to 
the adsorbent is preferably 3.0 to 9.0, and 6.5 
to 9.0 is particularly cffeaive, 

20 6. Although the adsorbent can be separ- 
ated by settling, centrifugal separation at 400 
to 1000 g (gravity) for 5 minutes is effective 
to shorten the treating time. And also a clari- 
fier commonly used in the treating of cow's 

25 milk is applicable. 

The method of the present invention can 
be applied in ih'i treating of liquid foodstuffs, 
drinking water^ and various foodstuffs. It is 



1 



Thus, according to the method of the pre- 
sent invention it is possible to use the same 

60 adsorbent repeatedly without regeneration and 
therefore the treatment cost is reduced 
remarkably. 

The method of the present invention can 
be applied not only to drinking water, liquid 

65 foodstuffs and cow^s milk, but also the steps 
of treating and processing various foodstuffs 
contaminated with radoactive substances. For 
example, in manufacturing sugar from cane 



particularly effective in the treating of cow's 
milk because cow's milk is usually stored in 30 
a milk storage tank before processing, and 
while it is in storage the adsorbent can be 
added to the milk. The mixture is stirred, 
and thereafter clarified to separate the adsor- 
bent from the milk. For example, when Na- 35 
phytin was added to cow's milk in a milk 
storage tank (the milk temperature was about 
5^C and the amount of Na-phytin added was 
80g per 1 I of milk), and was stirred for 30 
minutes, the percentage of radioactive con- 40 
laminant removed was 70%. Further, if the 
milk tcmperamre is 40 to 60°C and the adsor- 
bent is removed by centrifugaiion, more than 
80% of the radioactive contaminant is 
removed. Tliis can be explained by the fact 45 
that the solubility of Na-phytin decreases as 
the temperature increases. But the remark- 
able feature of the present invention is that 
Na-phytin compounds are semipermanent and 
can be utilized without regenerating or scrap- 50 
ing the compound once used as in the prior 
methods. As one example, the operation of 
removing strontium 90 from cow's milk with 
Na-phytin was repeated 10 times using the 
same Na-phytin. The results are shown in 55 
Table 7. 



contaminated with a radioaaive substance, the 
radioactive substance can be removed by add- 70 
ing phytin compound to the sugar juice pressed 
out by the conventional method and using the 
phytin compound to eliminate the radioactive 
substance. The results of experiment to attest 
the effects of pH, temperature of sugar juice 80 
and the amount of added Na-phytin on the 
removal of strontium 90 thereof are shown in 
Table 8. 



Table 7 

Percentage of Strontium 90 removed from cow's milk without 
chang in g or recharging the Na-phytin 



Trial Exper. No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Percentage removed 


88.0 


82.1 


80.7 


76.6 


75.9 


75.2 


74.3 


74.5 


74.6 


74.2 



Remarks: 80g of Na-phytin was added to 1 1 of cow's milk of pH 6.7 and the mixnire was 
stirred at 60 X for 60 minutes and centrifuged. 
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Example 2 
2 Kg of Na-phytin was added to 100 1 of 
sugar juice pressed out from cane by the con- 
ventional method and, was stirred, heated to 

5 60°C, and, after adjusting the pH to 7.0 by 
adding 30g of lime, allowed to stand over- 
night. By this operation, 90% of the stron- 
tium 90 in the supernatant was removed. The 
produrt obtained by this treatmem was not 

10 unusual in taste, appearance and composition 
in comparison with the conventional produa. 

Example 3 
8 Kg of Na-phytin was added to 100 1 of 
cow*s milk (pH 6.7) containing strontium 90, 

15 and, after stirring at 5^C for 1 hour, was 
heated to 60 ^C, and ^he Na-phytin, having 
adsorbed strontium 90, was separated by 
centrifugation. By this operation, 80.1% of 
the strontium 90 contained in the cow's milk 

20 was removed. The cow's milk so treated had 
pH of 6.7; the pH did not vary throughout 
the treatment and the treated produa had a 
good palatability. 

WHAT I CLAIM IS: — 

25 1. A method of removing radioactive con- 
taminants from a material comprising con- 
tacting said material with a phytin compound 
said contacting taking place in a solution or 
suspension mediimi as an adsorbent, agitating 

30 the mixture so formed and separating said 
phytin compound from said material. 

2. A method as claimed in claim 1 in 
which the agitating is effected by a stirring 
action. 

35 3. A method as claimed in claim 2 in 
which the mixture is stirred for more than 10 
minutes after the material has been contacted 
by the phytin compoimd. 

4. A method as claimed in claim 3 in 
40 which the mixture is stirred for fran 20 to 60 

minutes after the material has been contaaed 
by the phytin compound. 

5. A method as claimed in any of claims 
1 to 4 in which 10 to 80 g. of phydn com- 

45 pounds is present per litre of liquid, 

6. A method as claimed in claim 5 in 
which 50 to 80g of phytin compound is pre- 
sent per litre of liquid. 

7. A method as claimed in any of claims 
50 1 to 6 in which the liquid has a pH of from 

3 to 9. 



8. A method as claimed in claim 7 in 
which The pH is from 6.5 to 9. 

9. A method as claimed in any of claims 

1 to 8 in which the separation is effected by 55 
settling or centrifuging. 

10. A method as claimed in daim 9 in 
which centrifugal separation is cffcaed using 
a force of from 400 to lOOOg. 

11. A method of removing radioactive 60 
contaminants from foodstuffs or water com- 
prising adding a phytin compound as an 
adsorbent thereto, and, after stirring, separat- 
ing said phytin compound. 

12. A method of removing strwitium 90 65 
from cow's milk contaminated therewith com- 
prising adding Na-phytin to said cow's milk, 
and, after stirring, centrifuging said cow's 
milk at a temperature of from 40 to 60^C. in 
order to effea separation of said Na-phytin 70 
adsorbent. 

13. A method of removing strontium 90 
from the surface of vegetables or fruits con- 
taminated therewith comprising washing said 
vegetables or fruits with water containing a 75 
detergent together with a phytin compound. 

14. A method of removing radioactive 
contaminats frcMn raw substances to obtain an 
uncontaminated product comprising adding 
phytin compound in a processing step agitat- 80 
ing the mixture so formed and separating said 
phjrtin compound from said mixture. 

15. A method as claimed in any of claims 
1 to 14 wherein the radio-active substance is 
strontium 90. 85 

16. A method as claimed in any of claims 
1 to 15 wherein the phytin compound is Na- 
phytin. 

17. A method as claimed in any of claims 

1 to 15 wherein the phytin compound is Ca- 90 
phytin, 

18. A method as claimed in any of claims 
1 to 15 wherein the phytin compound is 
Ca^Naz-phytin. 

19. A method as claimed in any of claims 95 
1 to 15 wherein the phytin compound is 
Ca^Naz-phytia 

20. A method as claimed in claim 1 sub- 
stantially as hereinbefore particularly described 
with reference to any of the foregoing 100 
Examples. 

W. P. THOMPSON & CO., 
12 Church Street, Liverpool, 1 
Ch.artered Patent Agents. 
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